The aim of this paper is to carry out an empirical investigation into the relationship between innovation and the productive performance of Brazilian businesses measured by Work Productivity and Total Factor Productivity. Data taken from the Research of Innovation and estimated cross section models and panel data was used. The results suggest that innovation produces an incipient impact on competition in the national industry, reflected in the small magnitude of coefficients associated with the diverse indicators of innovation. 
Introduction
Several studies have shown the existence of a positive relationship between innovation and productivity. Internationally, many countries are moving to incorporate R&D measures in their national accounting systems and thus directly attribute its impact on growth as well as adding the importance of knowledge for economic development. Furthermore, the theoretical debate has converged to understand that the growth of productivity permeates by the innovative activity of enterprises.
Pioneering studies on productivity growth sources reveal that the capital and labor inputs explain less than half of the variation in productivity. The unexplained part, called "residual" is often considered the effect of the technological change on the productivity. In this sense, these studies seek to find measures for technological change (improvement in capital, quality of work and R&D activities) in order to explain the residual productivity growth (Cassiman & Golovko, 2011; Griliches, 1979 Griliches, , 2000 Huergo & Jaumandreu, 2004; Ortega-Argilés, Potters, & Vivarelli, 2005; Tsai & Wang, 2004; Wakelin, 2001) .
However, there is no consensus regarding the most appropriate way of measuring productivity. In the international literature, most studies use two productivity measures: Work Productivity (WP) and Total Factor Productivity (TFP).
The purpose of this article is to investigate the relationship between innovation and production performance of Brazilian companies, as measured by Work Productivity (WP) and Total Factor Productivity (TFP). The explanatory variables are divided into four groups: business characteristics, technological expertise, industry classification and innovation indicators, measured by new products and processes, organizational change and technology index.
The proposed methodology for this study is based on the estimation of econometric models: Cross-section analysis for the year 2008; and panel data analysis for the years 2003, 2005 and 2008 . The data were provided by the Brazilian Institute of Economic Geography (IBGE) from the crossing of Annual Industrial Research (PIA) and Innovation Research (PINTEC) information with foreign trade records from SECEX/MDIC.
Because of the shortage of studies undertaken on the relation of innovation and productivity at firm level in Brazil, this study contributes to the empirical debate on the subject in Brazil in two directions: testing the relationship between innovation and production performance using two productivity measures enshrined in national and international literature (Work Productivity and Total Factor Productivity); and testing various innovation indicators (product innovation, process innovation, organizational innovation and technology index) also widely used in the literature.
To meet this goal, the paper is organized in five sections, including this brief introduction. The second section presents the theoretical and empirical debate on the influence of innovation on business productivity. The third section describes the methodological procedures and the data used. The fourth section reports the results of the empirical study. Finally, the fifth section summarizes the final considerations.
Innovation and productivity

Theoretical debate
Several papers deal with the impact of innovation on business productivity. Recently, the increase of data available at the firm level and the advancement of econometric techniques have contributed to the growth in empirical studies (Cassiman, Golovko, & Martínez-Ros, 2010; Griliches, 2000; Huergo & Jaumandreu, 2004; Ortega-Argilés et al., 2005; Tsai & Wang, 2004; Wakelin, 2001) .
Although there is considerable debate about the productivity measures, there is no consensus on the most appropriate form of measurement. In the international literature, most studies use two measures of productivity: Work Productivity (WP) and Total Factor Productivity (TFP).
WP is commonly calculated as the ratio between the industrial transformation value (ITV) measured by the difference between sales revenue and production costs, and the number of persons employed (PE) in the company (Britto, 2009; Chudnovsky, López, & Pupato, 2006; Mairesse & Mohnen, 2010; Santana, Cavalcanti, & Bezerra, 2011; Van Beveren & Vandenbussche, 2009 ).
Work Productivity = ITV/PE
(1)
The main advantage of the work productivity measure is the ease of availability of data and the simplicity of calculation. However, some criticisms are raised about this measure of productivity. First, it creates instability in determining how a more efficient material utilization can result in a total productivity gain for the enterprise. Second, this measure shows much more the productivity improvements resulting from efficiencies in material and component procurement than gains from a more efficient use of manpower and energy. In this regard we note that this gain in added value productivity, due to the purchase of lower-cost materials, results in an apparent gain, if considered the possible problems that can lead to making that decision. Third, the labor productivity is sensitive to production adjustments made by companies in function of the number of employees engaged, because if the company reduce the number of employed persons and maintain the value of industrial transformation, the result will be increased productivity.
Other studies use the TFP as a form of incorporating the productivities of each resource into one expression (Cassiman et al., 2010; Griliches, 2000; Ortega-Argilés et al., 2005; Tsai & Wang, 2004; Wakelin, 2001) .
One of the main advantages of using TFP is considering the possibility of substitution in the use of the factors by the production process. Another advantage is that it constitutes the most appropriate instrument to measure technical change by industry and the role of intermediate inputs in production. The TFP allows disaggregating the sources of economic growth, making it possible to identify patterns of past growth and evaluate potential tools to encourage future economic growth (OECD, 2005) . However, the disadvantage of using a multifactor measure is the difficulty in measuring the various production inputs used in the production process. The difficulty in accurately measuring and aggregating capital input is one of the main criticisms of the TFP.
It is noteworthy that the TFP is quite often used in empirical studies of international economics. Krugman (1994) points out that sustained growth of per capita income of a nation only occurs if there is an increase in output per unit of input. An increase in production without an increase in the efficiency with which inputs are used is quite limited. Technological advances have to take into account a continuous increase in total factor productivity and, therefore, a continuous increase in national income.
The standard form of these studies using total factor productivity has been building a variable of capital stock related to knowledge from data on R&D expenditure and introducing it as an additional input in the production function of companies. Specifically, most studies perform a regression to estimate the effects of changes in R&D expenditure variable on production costs, production and productivity, using data from individual companies, industries or countries. Griliches (2000) divides the econometric studies into two categories: i) the ones estimating the effect of R&D on production or productivity (production function studies); and ii) the ones estimating the effect of R&D on production costs (cost function studies). Both approaches are related, since it is possible to derive a cost function from a production function, and vice versa. However, they use different statistical methods and have different data needs. This article uses the first proposition, in which a production function is estimated.
In pioneering studies, Griliches (1979 Griliches ( , 2000 points out that studies using the approach of the production function are more relevant in the empirical literature. Griliches (1979) showed that the relationship between productivity and the weighted average R&D expenditure results in two different processes: i) the production of innovations; and ii) the incorporation of these innovations in the production process.
Calculating TFP is based on the methodology developed by Griliches (2000) and Hall (2011) . It is a Cobb-Douglas production function, wherein,
and Q is the output, C is the capital stock, L is the work, A is the productivity. The output (Q) is defined as the difference between net sales revenue and raw materials, auxiliary materials and components (including packaging materials, fuels used as raw materials and lubricants), which allows for a better proxy of the firm's added value (Hulten, 2000) .
The capital stock (C) is measured by the perpetual inventory method based on the flow of annual business investment. The perpetual inventory method is an indirect method of calculation through the sum of the accumulated investments which, appropriately depreciated, converge over time to the fixed capital stock of the companies. Thus, the existing capital stock over the previous year is depreciated, and added to this are the current year's investments (Griliches, 2000; Hulten, 2000; Parisi, Schiantarelli, & Sembenelli, 2006) . Thus:
The value of work (L) is measured by the wages paid excluding the wages paid to employees in R&D. To measure the equation the following logarithm is applied:
Hence, the total productivity of factors é represented by:
For the above, according to literature, there is no consensus on the productivity measures. Thus, this study aims to investigate empirically whether innovation promotes the productivity of Brazilian companies, and in order to do this we use the two productivity measures presented earlier: Work Productivity and Total Factor Productivity.
Empirical evidences
A wide range of international studies have investigated the relationship between the innovative behavior of the firm and its production performance, measured by productivity. In a pioneering study for the United Kingdom, Wakelin (2001) examines the relationship between spending on R&D and productivity growth (TFP) at enterprise level, using the panel data method. The Cobb-Douglas function is estimated for 170 companies in the period from 1988 to 1992. Among the findings it appears that the coefficient associated with spending on R&D is positive and statistically significant indicating its influence on the productivity of firms. However, the relationship loses significance when the fixed effects at industry level are included. To capture the effect by sector on the relationship between productivity growth and spending on R&D, two variables were included: the R&D of other companies in the same sector and spending on R&D weighted by the costs of innovation of supplier industries. As a result the study shows that the variation of technological opportunity in each sector seems to play an important role in the effectiveness of expenditure on R&D. Huergo and Jaumandreu (2004) developed a study of companies in Spain, testing the influence of the variables age and innovation in TFP growth. The implemented methodology is the panel data analysis for a sample of 2300 companies in the period between 1990 and 1998. The results show that, when entering the market, companies have a higher productivity than the others; however, the productivity tends to converge to the industry average. Furthermore, the study shows that the process innovations for these companies produce an increased productivity that persists for years.
In the same analytical perspective, Ortega-Argilés et al. (2005) investigated the relationship between spending on R&D and TFP for companies in Europe in the period from 2000 to 2005. Through the panel data estimation in 532 companies, the main results of the study showed that the coefficient associated with the stock of knowledge is positive and statistically significant, indicating that there is a positive relationship between stock of knowledge and productivity. They emphasize even that the impact is more significant in medium-high and high-tech sectors than in low-tech sectors.
In a comparative study, Griffith, Huergo, Mairesse, and Peters (2006) estimated the effect of innovation on the total productivity of factors for four European countries: France, Germany, Spain and the United Kingdom. The authors describe the relationship between spending on R&D, innovation and productivity, using the CDM 1 (Crépon-Duguet and Mairesse) model. The econometric results suggest that the impact of innovation on productivity is remarkably similar in the four countries, although the authors found interesting differences, particularly the variation in productivity associated with higher or lower technological intensity of the industrial sector.
Along these same lines, Rogers (2006) , also for the United Kingdom, examines the relationship between spending on R&D and productivity (TFP) over the period 1989-2000. The calculation of productivity is based on the estimation of a Cobb-Douglas function for a sample of 719 companies and estimation of the OLS model and panel data. The results indicated that in the United Kingdom, the impact of R&D spending on productivity is lower than in other advanced economies. Moreover, the returns of expenditure on R&D have been relatively stable over the decade of the 1990s. In an aggregate analysis the results suggest that spending on R&D is low relative to GDP, which seems to reflect the limited opportunities for companies and their inability to add value in the production process.
For Italian companies, Parisi et al. (2006) developed a study investigating the relationship between product and process innovation and productivity (TFP). In addition, they investigated the role of R&D and investment in fixed capital in the increase in likelihood of introducing innovations. The methodology used was the panel data analysis for 5000 companies between the years 1992 and 1998. The results show that process innovation has a great impact on productivity. Furthermore, the expenditure on R&D is positively associated with the probability of introducing a new product, while spending on fixed capital increases the likelihood of introducing a process innovation. However, the effect of fixed investment on the probability of introducing a process innovation is enhanced by the presence of R&D departments within the company. This result implies that the expenditure on R&D can affect productivity growth, favoring the absorption of new technologies.
In a similar study Mairesse and Robin (2009) investigated the effect of innovation on labor productivity for French companies in the periods 1998-2000 and 2002-2004 . To control the effects of selection bias and endogeneity, non-linear simultaneous equations were used, forming a system of five equations based on the CDM model. The results found suggest that, in both periods, product innovation seems to be the main driver of labor productivity, while the influence of process innovation is rather insignificant. Cassiman et al. (2010) associate innovation, productivity and export for manufacturing firms in Spain. Among the findings is the conclusion that the product innovations positively affect labor productivity of the enterprises and lead to small non-exporting businesses becoming exporters. The authors used unbalanced panel data of small and medium-size enterprises for the period 1990-1998. The sample consists of 1256 companies from 20 industrial sectors. The study showed that the coefficient associated with process innovation is positive and statistically significant for productivity; however, it shows no evidence of a stimulus of export capacity.
Although fewer in number some studies have also been conducted for developing countries. Miguel Benavente (2002) , using data from Chilean companies, analyzed the impact of spending on R&D and innovation on the labor productivity of these companies. The methodology used was a model of ordinary least squares, and the study concludes that R&D and innovation activities are related to company size and market power. However, in the case of Chile, for the short term, productivity is not affected by innovation or by spending on R&D.
Tsai and Wang (2004) developed a Cobb-Douglas production function for 156 major companies listed on the Taiwan Stock Exchange. The econometric results obtained with the panel data method, suggest that between 1994 and 2000, the coefficient associated with the expenditure on R&D has a positive sign and is statistically significant, indicating the existence of a positive relationship between R&D and a company's productivity (elasticity equal to 0.18). Another result pointed out by the author is that this impact was much higher for companies in high-tech sectors (0.3) than for companies in low-tech sectors (0.07).
Zhang, Sun, Delgado, and Kumbhakar (2011) investigate the relationship between spending on R&D and productivity of Chinese high-tech companies. To compare the performance of companies, the authors divided China into three regions and built a Cobb-Douglas production function. Subsequently they used a semi-parametric approach to model the heterogeneity among the provinces in the period 2000-2007. The results suggest that the relationship between spending on R&D and productivity in the different regions is very heterogeneous as productivity in the eastern and central regions significantly increases; however, the relationship is not true for the western region.
In order to find evidence of the relationship between innovation and productivity in developing countries, Chudnovsky et al. (2006) studied a sample of 718 Argentinean companies. The econometric results show that spending on R&D, spending on machinery and equipment and the size of the company have a positive impact on the propensity to innovate. The study reveals further that innovative companies have a higher productivity than non-innovative ones.
The work carried out for a sample of companies in Brazil reveals results differing from the international pattern. Goedhuys (2007) , using micro data from the World Bank (World Bank, 2003) for Brazilian industrial companies, investigates the effect of innovation on the TFP and its subsequent effect on the company's growth as measured by sales. The methodology used is the ordinary least squares method and it reveals that the activities with greater impact on productivity levels are organizational change, cooperation and development of human capital. While innovation has a positive and statistically significant coefficient associated with the company's growth, we found no evidence of the impact of product and process innovation in TFP.
Silva (2009) sought to identify the characteristics of the technological innovation of Brazilian industry through acquisitions of machinery and equipment and expenditures on R&D and its relationship with the TFP. As a result the author points out that the investment decision is subject to financing and to innovations developed by suppliers or other group companies, as well as a limited influence of competitive conditions. In turn, investments in R&D are more linked to companies targeting mainly the domestic market, however, with foreign capital participation. Still, there was a higher marginal productivity of the expenditure on R&D -in relation to the acquisition of machinery and equipment -in the process of innovation in the Brazilian industry. In fact, the results support the view of the existence of technological dependence of a portion of Brazilian industrial companies on their suppliers or other group companies.
In order to measure the relationship between capital stock, expenditure on R&D, and productivity of labor, Britto (2009) shows in a panel of 2047 Brazilian companies for the years 2000, 2003 and 2005 , that the capital stock has a positive impact on work productivity. Estimates found show an elasticity of the intensity of physical capital investment (0.21%) of greater magnitude in relation to investment in R&D (0.16%). Thus, the results suggest that the adoption of a strategy of increasing productivity through the acquisition of machinery and equipment is more effective for Brazilian companies. Another important result indicates that the qualification of the workforce shows a productivity-elasticity bigger than 1. Santana et al. (2011) , in order to analyze the effects of technological innovation on work productivity in the Brazilian industry between 1996 and 2009, applied a panel data study using the GMM estimator in two stages. The results suggest that innovation increases productivity and even more intensively in sectors with greater international insertion.
Based on the theoretical debate and the total of the evidence presented, this paper contributes to the empirical debate on testing how different indicators of innovation influence the behavior of two productivity measures (WP and TFP) in Brazilian companies. Fig. 1 summarizes the main contributions of the empirical, national and international debate on the relationship between innovation and productivity.
Methodological notes
Presentation of the database
The database used for the realization of this empirical study refers to data crossing of the PIA -Annual Industrial Research -and PINTEC -Innovation Research, both from IBGE, with foreign trade records from SECEX/MDIC. It is noteworthy that this research is the first at a national level, in order to exclusively raise information about the innovative activities of the Brazilian industry, i.e., prior to it there was no joint national effort in this direction, leaving the task to local, regional or sector studies.
The methodology of PINTEC follows the pattern of research conducted by the European Community (Community Innovation Surveys -CIS), which also follow the Oslo Manual, developed by the OECD (Organization for Economic Cooperation and Development), ensuring international comparability. However, some issues, while focusing on important aspects of innovation, have limitations. Being based on the Oslo Manual as methodology, PINTEC tends to focus on the most characteristic aspects of companies located at the technological frontier or close to it. In the case of companies in developing countries like Brazil, which are characterized by still developing their skills, especially those intermediate; only the minority of businesses dominate the most advanced capabilities. Therefore, since many of the indicators used do not seek to capture such intermediate levels of capacity, characteristic of most companies, some criticism aimed at the traditional indicators to measure innovation when used in the context of late-industrializing economies apply to PINTEC (Lourdes & Figueiredo, 2009) .
The survey consists of formal companies with ten or more employees belonging to the segments of mining, manufacturing and some selected services. In the case of the manufacturing industry, PINTEC is censitary for the group of industrial companies with five or more employees and random for other. For the composition of the random layer, in addition to adopting stratified sampling techniques proportional to the size, it assumes the premise that innovation is a rare phenomenon, which justifies assigning a higher probability of selection to those companies that have greater potential for innovation; this it is expressed by means of some of the firm's observed characteristics as having filed patent, received funding/grant for innovation, was innovative, performs R&D, among others. This most likely does not cause bias in the results since the weight of each company in the sample is inversely proportional to its probability of selection.
To investigate the relationship between innovation and productivity this study tests two dependent variables (WP and TFP) and a set of independent variables organized into four categories: business characteristics, technological capacity, the industry's characteristics and indicators of innovation as shown in Table 2 .
WP is calculated from the relationship between the Industrial Transformation Value (ITV) and persons employed, both provided by the PIA. The TFP variable is calculated from an estimated production function by regression of the increase in output on the increase in input according to the work of Huergo and Jaumandreu (2004) and Parisi et al. (2006) . In the econometric approach, the residue of the regression is interpreted as increase in TFP resulting from technology. Thus, the variables selected were; i) ITV which is defined as the difference between the Gross Value of Industrial Production (VBPI) and the Cost of Industrial Operations (COI). The ITV is a proxy of the Value Added (VA), which according to the national accounts is the sum of compensation of employees and gross operating surplus, minus subsidies to the activity; Labor (L) estimated by the structure of spending on payroll (salaries, wages, benefits, Social Security and other values calculated in the salary expense category of PIA); Capital (C) calculated as the amount spent by the company on the acquisition of assets (machinery, real estate, equipment and other fixed assets less the decrease in the value of the same assets according to the perpetual inventory method. The data used for the capital stock were obtained from a study conducted by the Institute of Applied Economic Research (IPEA) for companies that make up the micro-data from PIA and made available by IBGE.
As regards the first category of explanatory variables, it appears that the characteristics of the companies are described by the variables persons employed, age and origin of capital. There is evidence that companies of bigger size, know-how and with more interaction with foreign markets present a greater productivity (Griffith et al., 2006; Huergo & Jaumandreu, 2004; Parisi et al., 2006; Rogers, 2006) . The variables that represent the technological capacity are: employed persons with college education, external financing percentage, cooperation for innovation and training and, finally, intensity of R&D and investments in machinery (Goedhuys, 2007; Griffith et al., 2006; Huergo & Jaumandreu, 2004; Mairesse & Robin, 2009; Rogers, 2006) . Several studies have demonstrated a positive relationship between qualification and productivity. According to these authors, this ratio is explained by quality gains, reduced costs and learning (Fig. 2) .
The technology classification proposed for this article is based on Lall (2000) , who combines the taxonomy proposed by Pavitt (1984) proposing four groups of technological intensity: goods intensive in natural resources; low technological intensity; medium technological intensity; high technological. Goods intensive in natural resources depend on the availability of local resources and are therefore related to the country's comparative advantages. The sectors of "low intensity" have price as the major determinant of competitiveness. These sectors belong to traditional industries such as textiles, footwear, and industries of low technology aggregation such as household appliance manufacturers. Companies belonging to the sector "medium intensity" use complex technologies and have moderate spending on R&D, comprising the sectors of capital goods and certain consumer durables. Finally, those belonging to the "high-intensity sectors" are characterized by advanced technologies and high spending on R&D, which provides a strong tendency to product innovation. These sectors comprise the pharmaceutical, aeronautical industry, and data processing. For simplicity, this article has joined the sectors of natural resources and low technological intensity together.
The fourth category of variables presents the innovation indicators: product innovation and/or process; innovation in product; process innovation; organizational innovation and the technology index (TI). The TI used in this study is based on Lall's studies (1987 Lall's studies ( , 1992 wherein said author constructs an indicator to measure the technological capabilities of companies based on different kinds of innovative. Lall (1987 Lall ( , 1992 , Wignaraja (2011) , and Avellar and Carvalho (2013) organize the technological capabilities of the companies into three groups of technical functions: investment, production and networks. For sampling companies, these functions are identified in the following variables: (i) improvement of equipment; (ii) licensing of technology; (iii) improvement in quality; (iv) adaptation and improvement of products; (v) the introduction of new products; (vi) research and development activities (R&D); (vii) subcontracting; and (viii) participation in technology networks. For each company a score of 1 is assigned when this technological capacity is present. The investment category is represented by the activities (i) and (ii); the production category is represented by four activities (items iii-vi); and the networks category comprises items (vii) and (viii). Finally, the result is normalized to a value between 0 and 1. This number can be interpreted as the total score of technological capabilities of each company. It is important to note that this indicator has been used in several empirical studies for emerging countries.
Econometric specifications
The methodology proposed for this article uses two models: a cross-section analysis for 2008, and a panel data analysis (balanced) for the years 2003, 2005 and 2008 . This research aims to examine how innovation (measured for new products, processes, organizational changes and Technology Index) influence the productivity of Brazilian companies.
The panel data models differ from models with temporal data and cross-section, given the dual character that assigns each variable:
with i = 1,....,N the individuals (N individuals, countries, regions, companies, sectors). t = 1,....,T the periods of time (T periods). If for each individual i the same number of temporal data is available, the panel is called balanced. If the number of temporal data is not the same for all individuals, the panel is called unbalanced.
In models that use "fixed effects", the estimation is made assuming that the heterogeneity of individuals is captured in the constant part, which is different from individual to individual: the constant part a i is different for each individual, capturing invariant differences in time (for example, country size, natural resources and other characteristics that do not vary in the short term). In models with "random effects", the estimation is made introducing the heterogeneity of individuals in the error term.
The Hausman test was used to decide which model was the most appropriate: the model of random effects (H 0 ) or the model of fixed effects (H A ). The test is presented in the following form:
Under the null hypothesis, the estimates of the model with random effects are consistent and efficient. Under the alternative hypothesis, the estimators GLS with random effects (and OLS) are not consistent, but the estimators with fixed effects are consistent. This is one of the advantages of models with fixed effects, since it allows endogeneity of the regressors.
Thus, the general equation of the model to be estimated can be described by: Productivity = α + λ 1 Employed Persons + λ 2 Employed Persons 2 + λ 3 age + λ 3 Foreign Capital +β 1 Skiill + β 2 Financing + β 4 Cooperation + β 5 Training + β 6 Patent + β 7 R&D + β 8 Spending
Machinery + π 1 hightech + π 2 mediumtech + 3 Innovation Indicator
Empirical results
Descriptive analysis
The analyzed data base is formed by the three editions of PINTEC (2003), PINTEC ( , 2008 . The sample is composed of 2846 enterprises and is the result of the cross-section of the surveys of 2003, 2005 and 2008 . Of these companies 503 (17.67%), 642 (22.56%) and 1701 (59.77%) belong respectively to the sector of low, medium and high technology according to the 2008 edition of PINTEC. Source: IBGE, Innovation Survey (2003, 2005, 2008) . The values in parentheses represent the standard deviation. Source: IBGE, Innovation Survey (2003, 2005, 2008) . Table 1 shows the mean, standard deviation and coefficient of variation of continuous variables analyzed in the study for the three years under review. Table 2 The first category of explanatory variables relate to business characteristics. It appears that, on average, they are companies with more than 500 employees, aged between 23 and 28 years, as shown in Table 1 , and about 20% of them have foreign capital (Table 2) .
As for the technological capacity indicators (second category) it may be noted that employed persons with college education ( The fourth category of variables organizes the innovation indicators: innovation of product and/or process, product innovation, process innovation, organizational innovation and the technology index (TI). The indicators innovation of product and/or process, product innovation, process innovation and organizational innovation are shown in Table 3 and indicate a non-uniform behavior over the period. Between 2003 and 2005, the percentage of companies that innovated in product and process increased. In the following period, however, there was a decrease in the percentage of innovative companies, with the exception of organizational innovation.
Regarding the indicator of innovation called technology index (TI), presented in Table 2 , we find a positive change for the three periods, highlighting a growth of about 30% of the sample companies. Representing an index that combines several technological capabilities this result points to a growth of technological efforts by firms. In a study on China Wignajara (2011) revealed that the average TI is 0.52. This result suggests that the technological capabilities are lower for Brazilian companies. Tables 4 and 5 show the results of econometric estimates. For the realization of this empirical study Stata software 11was used. All estimates were conducted using the robust command to correct any heteroscedasticity. Technological Innovation Survey (2003 .
Econometric estimates
In Table 4 , the columns 1-5 present results of the OLS model for the sample of Brazilian companies. The purpose of these estimates is to test the effect of innovation on work productivity.
The model results corroborate with several international studies (Cassiman et al., 2010; Mairesse & Robin, 2009; Miguel Benavente, 2002) .
Concerning the variable cooperation, there is a coefficient associated positively and significantly with respect to work productivity. Such positive and significant relationship between cooperation and work productivity is evidenced in some international studies (Crespi & Zuniga, 2010; Griffith et al., 2006) . This result suggests that companies that participate in cooperative arrangements become more productive than companies that do not.
When analyzing the influence of technological intensity in the sector on productivity, we note that the results are significantly positive only for the companies with medium technological intensity. Ortega-Argilés et al. (2005) , in a study on Spain, point out that companies in highly technological intensive sectors gain more efficiency with innovative efforts and therefore have better productivity performance. The authors report that the growth of productivity in companies of low and medium technological intensity is dependent on physical capital investment. Thus, these results suggest that in the case of Brazil the relationship between technological intensity and work productivity is more related to efforts in the acquisition of machinery and equipment for innovation.
Regarding innovation indicators, a pattern of behavior is identified where the associated coefficients are positive and statistically significant in relation to work productivity. As regards the first indicator of innovation, INOVA (column 1), the associated coefficient is positive and statistically significant at 5% for the year 2005, indicating that developing new products or processes positively affects work productivity.
With regard to the product innovation indicator (INOVA PROD), we perceive a positive and significant effect for the years 2005 and 2008 in work productivity. In studies on France and Spain, Robin (2009) and Golovko (2011) respectively found similar results. Crespi and Zuniga (2010) in a comparative study for countries in Latin America, found evidence of the positive impact of product innovation on work productivity for Argentina, Chile, Colombia and Uruguay.
Observing the innovation of process indicator, the results are less robust. For the year 2005 the associated coefficient is positive and significant at 10%. However, for 2008 the results are not significant. This result is similar to what Mairesse and Robin (2009) identified for French companies: product innovation affects productivity, while process innovation was not significant. This relationship is also investigated by Griffith et al. (2006) , and the results show that innovation of process is one of the determinants of productivity to France, Spain and the United Kingdom, but not for Germany.
The coefficient associated with organizational innovation is positive and significant for the years 2005 and 2008. Thus, it is suggested that organizational changes stimulate work productivity of Brazilian companies. Finally, TI, the proxy for innovative efforts of companies, has a associated coefficient positive and significant at 1% for the year 2005.
The columns 6-10 of Table 4 show the results of the OLS model, testing the effect of innovation in total factor productivity. The results of the models differ from some international studies, especially those for developed countries. However, in some studies in developing countries, the results are coincident.
It is emphasized in both models that the TFP is related positively with age, capital source and medium technological intensive sectors. The age variable suggests that companies with more time on the market are more productive. In a study with a sample of Spanish companies Huergo and Jaumandreu (2004) showed an opposite result. According to this study, age has a negative and statistically significant coefficient associated to total factor productivity. The reason would be that the younger Spanish companies are better able to meet the changes in productivity standards. This divergence can be explained by the composition of the samples in both studies. The average age of the companies surveyed by Huergo and Jaumandreu (2004) is 35 years, while Brazilian companies have on average 28 years. Another important aspect is that the coefficient associated with the variable cooperation is positive and significant for models 8 and 9. Goedhuys (2007) found evidence for a similar sample of Brazilian companies. The positive results of cooperation in the TFP were even more significant when associated with organizational changes.
Regarding the innovation indicators we note that the associated coefficients were not significant. While for developed countries positive pattern are found between innovation and TFP (Griffith et al., 2006; Huergo and Jaumandreu, 2004; OrtegaArgilés et al., 2005; Rogers, 2006) , for developing countries the result are often different (Britto, 2009; Goedhuys, 2007; Miguel Benavente, 2002; Zhang et al., 2011) . Table 5 shows the results of the panel data models for work productivity and total factor productivity in order to identify the dynamic relation between variables, and also to enable control on possible not-observed heterogeneity between units of analysis. Wooldridge (2010) shows that the panel data models are more effective in analyzing features that may or may not be constant over time, so that time or sectional studies which do not take into account such heterogeneity incur omitted variable bias and produce almost always inconsistent results.
Columns 1-5 show the results of the panel data model for WP. The purpose of the models represented by these columns is to test the effect of five innovation indicators on work productivity. The dependent variable is continuous and identifies the relationship between the Industrial Transformation Value (ITV) and the number of employed personnel. The independent variables related to the characteristics of the company, the company's training and innovation indicators are the same as described before. Two variables of innovative effort were added: Spending on R&D and Expenditures on Machinery and Equipment.
It is found as standard that in both models the variables square of persons employed, age, and origin of capital have a positive and statistically significant associated coefficient. It should be noted that the persons employed variable has a negative and statistically significant associated coefficient, indicating that the company's size has a negative impact on productivity.
The origin of capital variable is a proxy that measures the company's relationship with the external sector. The significant and positive associated coefficient corroborates some studies that show that companies with greater international integration have higher productivity (Goedhuys, 2007; Santana et al., 2011) .
Regarding innovation indicators, only the technology index showed significant results. Thus, it appears that product, process, and organization innovation were not significant for work productivity for the sample of Brazilian companies in these estimated models. It is believed that the results found in this study indicating that there is no relationship between innovation (expenditure on R&D, for example) and productivity are to some extent influenced by the sensitivity of the indicators built. The work by Cavalcante, Jacinto, and De Negri (2015) performs a similar empirical study for Brazilian companies and use as an innovation indicator spending on R&D in relation to employed persons. It estimates cross section and panel data models and finds positive and statistically significant associated coefficients, showing a positive relationship between innovation and productivity for Brazil.
Models 6-10 analyze the relationship of innovation with TFP. The results are similar to models relating to work productivity. The associated coefficients of the innovation indicators are not significant, except for the Technology Index.
However, some studies in developing countries show similar results. Goedhuys, Janz, and Mohnen (2006) , in a study for Tanzania indicate that technological variables, R&D and product and process innovations did not show positive and statistically significant associated coefficients in relation to Work Productivity. Nevertheless, variables like origin of capital and ISO certification indicated to positively affect productivity. Miguel Benavente (2002) , analyzing a sample of Chilean companies, found that company size and market power have an associated coefficient positive and significant for work productivity. On the other side, nor innovative effort, measured by spending on R&D nor innovation achieved significant estimated coefficients. The author suggests that the lack of data associated with the Chilean market structure may explain this result.
Final considerations
In light of the foregoing, it is clear that the relationship between the variables that explain the productive performance of Brazilian companies, as measured by WP and TFP and innovation do not have robust results for a sample of Brazilian companies.
Both models show the pattern that variables related to the characteristics of companies, square of employed persons, age, and origin of capital, present positive and significant associated coefficients. These results suggest that size and participation of foreign capital have a positive influence on the productivity of companies.
The results for the cross section model with lagged variables point to a positive and significant relationship between innovation indicators and work productivity. These results are more evident when observing the lagged variables. However, this relationship is not significant for the TFP.
Another important aspect is related to the technological intensity. Companies of the medium intensity sectors present positive and statistically significant associated coefficients. As pointed out by several studies in international literature, the growth of productivity in low and medium-technology intensity sectors is dependent on physical capital investment. These results thus suggest that, in the case of Brazil, productivity is more related to efforts to acquire machinery and equipment for innovation.
Regarding the panel data models we have not found significant results of the relationship between innovation and productivity. It is believed that the lack of relationship between innovation (expenditure on R&D, for example) and productivity found in this study is to some extent related to the innovation variables obtained by PINTEC and constructed for this study, as the work by Cavalcante et al. (2015) found evidence of a positive relationship between innovation and productivity for Brazil.
It follows, therefore, that innovation produces still incipient impacts on the productivity of the domestic industry. It is important to stress that Brazil's industrial structure is very concentrated in labor intensive sectors of low and medium-low technology. This part of the industrial structure may also have weakened the relationship between innovation and productivity, since innovation in these sectors cannot be considered a key factor in the competitive process.
Based on these discussions a policy agenda can be implemented in order to consolidate the results of innovation in Brazil: i) expansion of sector innovation policies; ii) linkages between technology policies and foreign trade; iii) training of qualified human resources.
Moreover, the need to improve the link between technology policies and foreign trade is evident. In Brazil the most innovative companies are those that are more scale efficient, export and import more, and export higher value-added goods. However, the greater the technological intensity of goods worse is the performance in the trade balance. Hence, it is necessary to create options for technology intensive companies, combining horizontal policy instruments with strategic sector actions which identify relevant opportunities for Brazil in the world market.
Conflicts of interest
The authors declare no conflicts of interest.
